CATHETER HAVING AN IMPROVED TORQUE TRANSMITTING SHAFT 

Field of the Invention 
The present invention relates generally to catheters for performing medical 
procedures including intravascular procedures such as percutaneous transluminal 
5 coronary angioplasty. More particularly, the present invention relates to catheters with an 
improved shaft design. 

Background of the Invention 
The use of intravascular catheters has become an effective method for treating 

many types of vascular disease. In general, an intravascular catheter is inserted into the 
U 10 vascular system of the patient and navigated through the vasculature to a desired target 
jTj site. Using this method, virtually any target site in the patient's vascular system may be 
fjf accessed, including the coronary, cerebral, and peripheral vasculature. Examples of 
ffl therapeutic purposes for intravascular catheters include percutaneous transluminal 

angioplasty (PTA) and percutaneous transluminal coronary angioplasty (PTCA). 
!js 15 Catheters are also known for use in other body lumens for non- vascular 

ZI therapeutic purposes. These can include pancreato-biliary treatments and urological 

applications. 

Generally, a catheter enables a physician to remotely perform a medical procedure 
by inserting the catheter into a body lumen, such as a blood vessel, of a patient at a 
20 location that is easily accessible, and thereafter navigating the catheter to the desired 
target site. By this method, virtually any target site, whether in the patient's vascular or 
non-vascular lumen, may be remotely accessed. In vascular applications, the catheter 
typically enters the patient's vasculature at a convenient location such as a blood vessel in 
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the arm, neck or near the groin. In both vascular and non- vascular applications, the path 
taken by the catheter through the body lumen is generally tortuous, requiring the catheter 
to change direction frequently. It may also be necessary for the catheter to double back 
on itself. Physicians often apply torsional forces to the proximal portion of the catheter to 
aid in steering the catheter. To facilitate the steering process, it is desirable that an 
intravascular catheter have a relatively high level of torqueability. Furthermore, in order 
for the catheter to conform to a patient's tortuous anatomy, it is desirable that the catheter 
be relatively flexible. The requirement that the catheter include a relatively high level of 
torqueability and yet remain flexible is at times a competing requirement, as increasing 
wall thickness of a catheter shaft tends to increase torqueability while compromising 
flexibility. 

Guide catheters are one type of catheter used in both vascular and non- vascular 
procedures to aid in delivering other catheters or other interventional medical devices to a 
treatment site in a vessel or other lumen within the body. In a routine coronary 
angioplasty procedure, a guiding catheter is introduced into a peripheral artery and 
advanced over a guidewire through the aorta until the distal end of the guide catheter is 
engaged with the appropriate coronary ostium. Next, a balloon dilatation catheter is 
introduced over the guidewire and through the guide catheter. The guidewire is advanced 
past the distal end of the catheter within the lumen of the diseased vessel and manipulated 
across the region of the stenosis. The balloon dilatation catheter is then advanced past the 
distal end of the guide catheter over the guidewire until the balloon is positioned across 
the treatment site. After the balloon is inflated to dilate the blood vessel in the region of 



the treatment site, the guidewire, balloon dilatation catheter and guide catheter can be 
withdrawn. 

Likewise, angiographic catheters can be used in evaluating the progress of 
coronary artery disease in patients. Angiography procedures are used to view the patency 
of selected blood vessels. In carrying out this procedure, a diagnostic catheter having a 
desired distal end curvature may be advanced over a guidewire through the vascular 
system of the patient until the distal end of the catheter is steered into the particular 
coronary artery to be examined. Diagnostic catheters are also used in non-vascular 
procedures to assess disease state. 

Balloon catheters used with the above-described guide catheters are typically 
classified as over-the-wire (OTW) or single operator exchange (SOE). An OTW catheter 
includes a guidewire lumen extending through a tubular shaft from the distal tip of the 
catheter to the proximal end of the catheter. A second tubular shaft extends coaxially 
over the first shaft to form an annular inflation lumen therebetween in fluid 
communication with a balloon disposed near the distal end of the two shafts. 

SOE catheters have a relatively short guidewire lumen relative to the length of the 
catheter which extends through a first tubular shaft. The first tubular shaft is usually 
disposed within a lumen of a second tubular shaft which extends the length of the 
catheter. The second tubular shaft lumen again provides means for inflating the balloon 
disposed near the distal end of the shaft assembly. 

A common feature to all catheters is the need for shaft assemblies which have 
adequate torque transmission and yet retain sufficient flexibility to reach desired 
treatment sites. Tubular members having lumens therethrough are generally used to form 



the shaft assemblies and selection and design of the tubular members determines the 
resulting balance between torqueability and flexibility. 

Summary of the Invention 

The present invention relates generally to catheters for performing medical 
procedures including percutaneous transluminal coronary angioplasty. More particularly, 
the present invention relates to catheters with an improved shaft design. Preferably, the 
present invention comprises a catheter with an improved torque transmitting shaft. In an 
exemplary embodiment, the current invention comprises a catheter having an improved 
torque transmitting shaft and having a desired amount of flexibility. 

In a preferred embodiment, a catheter comprises an elongate shaft having a 
proximal end and a distal end. Preferably, a lumen extends between the proximal end 
and the distal end. In a preferred embodiment, the elongate shaft further comprises an 
outer surface and an inner surface. In an exemplary embodiment, the inner surface 
defines and is in fluid communication with the lumen. 

In a preferred embodiment, a raised pattern is disposed at the outer surface. The 
raised pattern may include a number of shapes and patterns. According to a preferred 
embodiment of the present invention, a pattern is understood to include regular, irregular, 
and random arrangements of a design or object. For example, the raised pattern may 
resemble a tire tread pattern, a plurality of castellations, a diamond-shaped tread pattern, 
an embossed pattern, etc. 

In a preferred embodiment, the catheter may include, but is not limited to, a 
single-operator-exchange catheter, an over-the-wire catheter, a guide catheter, a balloon 
catheter, an angioplasty catheter, an atherectomy catheter, etc. Moreover, the elongate 



shaft may comprise one or more components of a catheter. According to the current 
invention, the elongate shaft may include an inner shaft, an outer shaft, or both. 

According to multiple embodiments of the current invention, the raised pattern 
can be formed on the outer surface by a number of methods including, but not limited to, 
laser ablation, overmolding, hot die casting, embossing, and extrusion. In a preferred 
embodiment, the raised pattern can be formed by removing a portion of the outer surface. 
For example, a portion of the outer surface can be removed by laser ablation. In one 
preferred embodiment, when a portion of the outer surface is removed, for example by 
laser ablation, no more than about 25%-75% of the wall thickness on the outer surface is 
removed. Preferably no more than about 65%-75% of the wall thickness of the outer 
surface is removed. In an alternative embodiment, the raised pattern can be formed by 
embedding a braid into the outer surface, preferably when the polymer shaft is heated or 
softened, then cooled. The braid is then removed, and the pattern left by the braid forms 
the raised pattern. 

In a preferred embodiment, the thickness of the outer surface is somewhat greater 
than what is typically used in the art. For example, the thickness of typical outer surfaces 
may be about 0.001 inches to 0.01 inches. In a preferred embodiment of the current 
invention, the outer surface may have a thickness of about 0.002 inches. According to a 
preferred embodiment, forming the raised pattern, for example by laser ablation, may 
eliminate about 65%-70% of the wall thickness on the outer surface. According to this 
embodiment, the outer surface substantially emulates the thickness of thin-walled tubing. 
Preferably, emulation of thin-walled tubing provides the elongate shaft with the desired 
level of flexibility. 



In a preferred embodiment, the raised pattern improves the transmission of torque 
along the elongate shaft. In a preferred embodiment of the current invention, the raised 
pattern can provide a high degree of torque transmittance while maintaining a high 
degree of flexibility. According to a preferred embodiment of the current invention, 
torque transmission is understood to mean that applying torque to one end of an object, 
for example, the proximal end of the elongate shaft, results in a substantially equivalent 
amount of torque at another end of the object, for example, the distal end of the elongate 
shaft. 

In a preferred embodiment, when the elongate shaft is torqued, the raised pattern 
comes in contact with itself, creating a plurality of bearing points. According to a 
preferred embodiment, the bearing points are understood to be contact points within or 
between portions of the raised pattern that contact one another when the elongate shaft is 
torqued. Preferably, the bearing points transmit torque. In an exemplary embodiment, 
the bearing points will prevent the failure of torque transmission along the elongate shaft. 

Brief Description of the Drawings 

Figure 1 is a plan view of a portion of a catheter shaft according to a preferred 
embodiment of the invention; 

Figure 2 is a cross-sectional view of the catheter shaft through line 2-2 of Figure 1 
according to a preferred embodiment of the invention; 

Figure 3 is a cross-sectional view of the catheter through line 3-3 of Figure 1 
according to a preferred embodiment of the invention; and 

Figure 4 is a plan view of the catheter shaft of Figure 1 depicting transmission of 
torque according to a preferred embodiment of the invention. 



Detailed Description of the Preferred Embodiments 
Referring now to the drawings wherein like reference numerals indicate like 
elements throughout the several views, Figure 1 is a plan view of a portion of a catheter 
according to a preferred embodiment of the invention. In a preferred embodiment, a 
5 catheter 10 comprises an elongate shaft 12. Preferably, elongate shaft 12 further 
comprises a proximal end (not shown) and a distal end (not shown). 

In a preferred embodiment, catheter 10 may include, but is not limited to, a 
single-operator-exchange catheter, an over-the-wire catheter, a guide catheter, a balloon 
catheter, an angioplasty catheter, an atherectomy catheter, etc. A person of ordinary skill 
10 in the art would be familiar with different types of catheters appropriate for multiple 
embodiments of the present invention. 
m In a preferred embodiment, elongate shaft 12 may comprise one or more 

0l components of catheter 10. For example, catheter 10 may further comprise an inner 
Jr: shaft, an outer shaft, or both. According to this embodiment, elongate shaft 12 may 
IJ\ 15 comprise the inner shaft, outer shaft, or both. 

According to a preferred embodiment, elongate shaft 12 can be manufactured 
from a number of materials including, but not limited to, stainless steel metal, nickel 
alloy, nickel-titanium alloy, hollow cylindrical stock, thermoplastics, high performance 
engineering resins, polymer, polyethylene (PE), polypropylene (PP), polyvinylchloride 
20 (PVC), polyurethane, polytetrafluoroethylene (PTFE), polyether-ether ketone (PEEK), 
polyimide, polyamide, polyphenylene sulfide (PPS), polyphenylene oxide (PPO), 
polysufone, nylon, or perfluoro(propyl vinyl ether) (PFA). Preferably, elongate shaft 12 
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is manufactured so as to maintain the desired level of flexibility and torqueability 

according to multiple embodiments of the current invention. 

In a preferred embodiment, elongate shaft 12 further comprises an outer surface 

20. Preferably, outer surface 20 comprises materials similar to those disclosed above 
5 including metals and polymers. In an exemplary embodiment, outer surface 20 

comprises a unique surface disposed on elongate shaft 12. For example, outer surface 20 

may comprise a polymer sheath disposed over elongate shaft 12. 

In a preferred embodiment, a raised pattern 24 is disposed at outer surface 20. 

Raised pattern 24 may include a number of shapes and patterns. According to a preferred 
10 embodiment of the present invention, a pattern is understood to include regular, irregular, 

and random arrangements of a design or objects. For example, raised pattern 24 may 

resemble a tire tread pattern, a plurality of castellations, a diamond-shaped tread pattern, 

an embossed pattern, a plurality of turrets, etc. 

According to multiple embodiments of the current invention, raised pattern 24 can 
15 be formed on outer surface 20 by a number of methods including, but not limited to, laser 

ablation, overmolding, hot die casting, embossing, and extrusion. In a preferred 

embodiment, raised pattern 24 can be formed by removing a portion of outer surface 20. 

For example, a portion of outer surface 20 can be removed by laser ablation. In one 

embodiment, when a portion of outer surface 20 is removed, for example by laser 
20 ablation, no more than about 25%-75% of the wall thickness on the outer surface 20 is 

removed. Preferably about 60%-75% of the wall thickness on the outer surface is 

removed. In an alternative embodiment, the raised pattern can be formed by embedding a 
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braid into the outer surface, preferably when the polymer shaft is heated and softened, 
then cooled with the braid in place. Upon removal of the braid, the raised pattern is left. 

In a preferred embodiment, the thickness of the shaft wall is somewhat greater 
than what is typically used in the art. For example, the thickness of typical shaft walls 
may be about 0.001 inches to 0.001 inches. In a preferred embodiment, the shaft wall 
may have a thickness of about 0.002 inches. According to a preferred embodiment, 
forming raised pattern 24, for example by laser ablation, may eliminate about 60%-70% 
of the wall thickness of the shaft wall. According to this embodiment, outer surface 20 
substantially emulates the thickness of thin-walled tubing. Preferably, emulation of thin- 
walled tubing provides elongate shaft 12 with the desired level of flexibility. 

Because the path taken by a catheter through the vascular system is tortuous, it 
can be advantageous for a catheter, for example catheter 10 comprising elongate shaft 12, 
to be highly flexible. Preferably, elongate shaft 12 is flexible. In an exemplary 
embodiment, elongate shaft 12 emulates the flexibility of thin- walled tubing. According 
to this embodiment, elongate shaft 12 comprises an amount of flexibility suitable for 
performing an appropriate medical procedure. 

In a preferred embodiment, raised pattern 24 improves the transmission of torque 
along elongate shaft 12. In an exemplary embodiment of the current invention, raised 
pattern 24 can provide a high degree of torque transmittance while maintaining a high 
degree of flexibility. For example, catheter 10 may comprise an elongate shaft with the 
desired amount of flexibility and improved torque transmission. According to a preferred 
embodiment of the current invention, torque transmission is understood to mean that 
applying torque to one end of an object, for example the proximal end of elongate shaft 



12, results in a substantially equivalent amount of torque at another end of the object, for 
example distal end of elongate shaft 12. 

In a preferred embodiment, elongate shaft 12 includes means for improving 
torqueability. Torsional forces applied at the proximal end preferably translate to the 
distal end to aid in steering. Because of the tortuous path of the vascular system, the 
combination of flexibility and torqueability may aid in steering a catheter, for example 
catheter 10. 

Figure 2 is a cross-sectional view of the catheter shaft through line 2-2 of Figure 
1. According to a preferred embodiment, catheter 10 comprises elongate shaft 12 having 
lumen 18, outer surface 20, and inner surface 22. 

In a preferred embodiment, a raised pattern 24 is disposed at outer surface 20. 
Similar to what is disclosed above, raised pattern 24 may include a number of shapes and 
patterns and can be formed on outer surface 20 by a number of methods. As indicated, in 
a non-torqued state, the raised patterns maintain space between them which makes the 
untorqued shaft more flexible than a smooth-surfaced shaft of equal diameter and overall 
wall thickness. 

In a preferred embodiment, when elongate shaft 12 is torqued, surfaces or 
portions of raised pattern 24 come in contact with other portions or surfaces of raised 
pattern 24, creating a plurality of bearing points (not shown, please see element 26 of 
Figure 4). The bearing points transmit torque. In an exemplary embodiment, raised 
pattern 24 improves torque transmission with minimal negative effects on the flexibility 
of elongate shaft 12 when not torqued. 
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Figure 3 is a cross-sectional view of the catheter shaft portion through line 3-3 of 
Figure 1 according to a preferred embodiment of the invention. According to a preferred 
embodiment, catheter 10 comprises elongate shaft 12 having a proximal end (not shown) 
and a distal end (not shown). Preferably, elongate shaft 12 further comprises outer 
5 surface 20. In an exemplary embodiment, a lumen 18 extends between the proximal end 
and the distal end. 

In an exemplary embodiment, elongate shaft 12 further comprises an inner surface 

22. In a preferred embodiment, inner surface 22 is in fluid communication with lumen 

18. Preferably, alternate embodiments of elongate shaft 12, for example elongate shaft 

h 10 12 including inner surface 22, are appropriate for alternative catheters 10 such as single- 
s' 

yj operator-exchange catheters, over-the-wire catheters, guide catheters, balloon catheters, 

Ul angioplasty catheters, atherectomy catheters, etc. 

03 

In a preferred embodiment, the raised pattern 24 is disposed at outer surface 20. 

s 

z m Similar to what is disclosed above, raised pattern 24 may include a number of shapes and 
SI 15 patterns and can be formed on outer surface 20 by a number of methods. As indicated in 

J5SS. 
: ==F 

M= this view, flexibility is maintained by the spacing between elements of the raised pattern 
24. 

The raised pattern 24 improves the transmission of torque along elongate shaft 12. 
When elongate shaft 12 is torqued, raised pattern 24 comes in contact with itself creating 
20 a plurality of bearing points (not shown, please see element 26 of Figure 4). Preferably, 
the bearing points transmit torque along elongate shaft 12. In a preferred embodiment, 
the transmission of torque along elongate shaft 12 is understood to be the transmission of 
torque longitudinally along elongate shaft 12. 
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Figure 4 is a plan view of the catheter shaft portion of Figure 1 transmitting 
torque according to a preferred embodiment of the invention. According to a preferred 
embodiment, catheter 10 comprises elongate shaft 12 having a proximal end and a distal 
end. Preferably, elongate shaft 12 further comprises outer surface 20. 

In a preferred embodiment, a raised pattern 24 is disposed at outer surface 20. 
Raised pattern 24 may include a number of shapes and patterns and can be formed on 
outer surface 20 by a number of methods. 

In a preferred embodiment, when elongate shaft 12 is torqued, raised pattern 24 
comes in contact with itself creating a plurality of bearing points 26 providing a means 
for torque transmission. According to a preferred embodiment, bearing points 26 are 
understood to be contact points within or between portions of raised pattern 24 over at 
least a portion of the catheter shaft length that contact one another when elongate shaft 12 
is torqued. Preferably, bearing points 26 transmit torque along elongate shaft 12. In a 
preferred embodiment, the transmission of torque along elongate shaft 12 is understood 
to be the transmission of torque longitudinally along at least a portion of elongate shaft 
12. 

In an exemplary embodiment, raised pattern 24 improves torque transmission 
with minimal negative effects on the flexibility of elongate shaft 12. For example, 
catheter 10 may comprise an elongate shaft with the desired amount of flexibility and 
improved torque transmission. In an exemplary embodiment, bearing points 26 will 
prevent the failure of torque transmission along elongate shaft 12. According to a 
preferred embodiment, torque transmission is understood to mean that applying torque to 
one end of an object, for example the proximal end of elongate shaft 12, results in a 
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substantially equivalent amount of torque at another end of the object, for example the 
distal end of elongate shaft 12. 

In use, catheter 10 may be used to perform an appropriate medical procedure. 
According to a preferred embodiment, the medical procedure may include, but is not 
limited to, catheterization, angioplasty, atherectomy, diagnosis, etc. When performing 
the medical procedure, catheter 10 may be inserted into the vasculature or other body 
lumen of a patient and guided to a target region. In a preferred embodiment, raised 
pattern 24 on elongate shaft 12 will impart a desired amount of flexibility and 
torqueability. Preferably, the desired flexibility and torqueability will aid in steering 
catheter 10 to a target region. 

In a preferred embodiment, when catheter 10 is torqued, bearing points 26 within 
raised pattern 24 will contact one another. Preferably, when catheter 10 is torqued, 
bearing points 26 will transfer torque along elongate shaft 12. 

Numerous advantages of the invention covered by this document have been set 
forth in the foregoing description. It will be understood, however, that this disclosure is, 
in many respects, only illustrative. Changes may be made in details, particularly in 
matters of shape, size, and arrangement of steps without exceeding the scope of the 
invention. The invention's scope is, of course, defined in the language in which the 
appended claims are expressed. 
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